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Abstract – The aims of this paper were the analysis of climate elements and Thornthwaite’s climate index, the study of the 
development of diameter and current diameter increment of the Austrian pine trees from several artificial stands in the 
Belgrade area, as well as an analysis of the influences of the pluviometric regime and climate index on the current diameter 
increment of the Austrian pine over the period 1985-2010. By comparative analysis and statistical data procession, the 
correlation between the diameter increment and climate characteristics was determined. In spite of the wide-held view 
that the Austrian pine is a species that cannot make use of the capacity of the best sites where it grows, is to a great extent 
able to react to increased humidity, one of the most important site factors upon which the growth of basic quantitative tree 
parameters directly depends.
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INTRODUCTION
Since numerous studies on global warming and po-
tential changes of temperature and humidity point to 
a very wide range of effects and impacts, both on the 
forest ecosystems in general and on the individual 
trees (Smith et al., 1989, Andrasko, 1990, Botkin et 
al.,  1992),  further  knowledge  of  the  interrelations 
and  interactions  of  plant-climate  parameters  is  of 
growing importance. 
The  reforestation  and  establishment  of  conifer 
plantations in Serbia was very intensive during the 
last decades of the 20th century, and conifer species 
were used not only for the reforestation of barren 
soil, but introduced into forests of different tree spe-
cies and degrees of degradation and sites of differ-
ent production characteristics. The plantations and 
artificially  established  Austrian  pine  stands  (Pinus 
nigra Arn.) are dominant, and they occupy an area of 
86,000 hectares in Serbia (Banković et al., 2009). The 
studies of the Austrian pine are complex, as it is one 
of the most important ameliorative and pioneering 
species in the forestry of Serbia. 
Climate-growth relationships for a tree species 
and  the  influence  of  some  climate  factors  on  the 
diameter  and  height  increment  of  some  tree  spe-
cies were studied by Fritts (1966, 1967), La Marche 
(1978),  Fritts  and  Swetnam  (1989),  Wimmer  and 
Grabner (2000), Kilgore and Telewski (2004), Zafi-
rov (2005), Tokar and Krekulova (2005) and in Ser-
bia Koprivica and Matovic (2004), Vukin and Isajev 
(2006), Radosevic and Vilotic (2010) etc. 
The purpose of this study is to assess the climatic 
sensitivity of the Austrian Pine (Pinus nigra Arn.) in 
the Belgrade area through the influence of climate 
on radial growth. This paper is aimed at an analysis 
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index, study of the development of diameter and cur-
rent diameter increment of the Austrian pine trees 
from several artificial stands in Belgrade area, and 
analysis of the influences of the pluviometric regime 
and climate index on the current diameter increment 
of the Austrian pine over the period 1985-2010.
MATERIALS AND METHODS
The research was conducted in three artificially es-
tablished Austrian pine stands aged 45 years, at three 
sites in Belgrade area.
Site I is located in the Forest Management Unit 
“Avala”, in Department 9e, at altitudes ranging from 
270 to 280 m.a.s.l., west-exposed, inclination 0-5°, 
on eutric brown soil. It belongs to the coeno-ecolog-
ical group of Hungarian oak and Turkey oak forest 
types (Quercion frainetto Ht. 1954) on brown and 
loessial soil. Site II is located in the Forest Manage-
ment Unit “Lipovica”, in Department 18e, at alti-
tudes ranging from 260 to 280 m.a.s.l., southeast-
exposed, inclination 6-15°, on eutric brown soil. It 
belongs to the coeno-ecological group of Hungarian 
oak and Turkey oak forest types (Quercion frainet-
to Ht. 1954) on brown and loessial soil. Site III is 
located in the Forest Management Unit “Makis” – 
parts of Ada Ciganlija – forests along the highway”, 
in Department 22i, 90 m.a.s.l. level, without clearly 
expressed exposure, on even terrain, on chernozem. 
It belongs to the coeno-ecological group of pedun-
culate oak and European alder forest types (Alno-
Quercion roboris Horv. 1938.) on semigley and some 
automorphic soils.
Only  by  using  the  multi-annual  climate  data 
obtained by meteorological measurements can the 
current climate conditions be validly estimated. The 
data collected by the Republic Hydrometeorological 
Service of Serbia for the period 1985-2010 for the 
Belgrade Weather Station (situated at latitude 44° 8’ 
N and longitude 20° 47’ E), i.e. the arithmetic means 
of the series of available data, sorted by time and area 
(Basic Climate Characteristics for the Territory of 
Serbia, 2010), were used for the analysis of the cli-
mate characteristics and climate change in Belgrade. 
The artificially established stands are 45 years old 
and found on three sites in Belgrade.
The  pluviometric  regime  and  air  temperature 
were analyzed and the climate index was determined 
for each year of the observed period by using Thorn-
thwaite’s method (Thornthwaite, 1948, Thornthwaite 
and Mather, 1955). By using the complex calcula-
tion method, which is now presented by a special 
computer program, based on the average monthly 
air temperature and average monthly precipitation, 
and taking into account the latitude at which an ob-
served site is located and the duration of daylight, 
the calorific index (i) and the annual calorific index 
(I) were determined first; then by applying special 
logarithmic  nomograms  the  uncorrected  potential 
evapotranspiration (PE) was calculated, and by sub-
sequent calculation process, the actual evapotranspi-
ration (SE) and the water loss in the soil (M). The 
final results refer to the humidity index (Ih), aridity 
index (Ia), and climate index (Ic), based on which, by 
using the classification prescribed by this method, 
the character of the climate for the observed area was 
determined. The climate index calculated in this way 
is the result of basic climate factors (temperature and 
precipitation regime), coupled with basic orographic 
elements  (geographic  coordinates  of  the  observed 
site and duration of daylight).
Dendrochronological methods, as described by 
Fritts (1976) and Cook et al. (1990), were used for 
sampling the trees, processing and cross-dating the 
cores. 
Dendrometric analysis was done on the domi-
nant trees in the artificially established Austrian pine 
stands at three sites in Belgrade area. On 20 Austrian 
pine half-sib lines on established sample plots at each 
site, the width of the wood increment ring at breast 
height, i.e. diameter increment per each year of the 
observed period, was determined.
By comparative analysis and statistical data pro-
cession (regression analysis and analysis of variance), 
the correlation between the diameter increment and 
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presentation of the climate indices and quantity of 
precipitation during a year in the growing season 
(April-September)  and  the  diameter  increment  of 
the Austrian pine in the observed period is given.
RESULTS AND DISCUSSIONS
Climate elements
Heat and humidity, along with other ecological fac-
tors, directly influence tree height, diameter and vol-
ume increment, as well as the quality of wood vol-
ume. If the environmental conditions are the same, 
the quantities of the wood volume that can be pro-
duced by the forest vegetation, and its technical val-
ue, depend upon the variation of some basic climate 
factors (Bunushevac, 1951).
Air temperature over the period 1985-2010
Air temperature is one of the most important climate 
parameters. Based on the processed data collected 
by the Republic Hydrometeorological Service of the 
Republic of Serbia, the data on air temperature in the 
observed period (from 1985 to 2010) for the Belgrade 
Weather Station are presented in Table 1.
Table 1 – The average monthly and annual air temperatures in Belgrade area (°C), over the period 1985-2010.
Year I II III IV V VI VII VIII IX X XI XII Aver.
1985 -3.4 -3.1 5.7 12.8 19.0 17.7 22.6 22.5 17.6 11.1 5.5 6.6 11.2
1986 2.7 -1.4 5.6 15.1 18.9 19.5 19.8 23.1 18.1 12.1 6.3 1.0 11.7
1987 -2.5 2.8 1.7 12.3 15.2 21.1 24.8 20.7 21.2 12.8 8.1 3.3 11.8
1988 4.6 4.9 6.5 11.3 17.8 20.2 24.7 23.4 18.0 11.8 1.4 2.9 12.3
1989 0.5 5.4 10.5 15.0 16.0 18.3 22.4 21.6 17.1 12.5 5.9 3.7 12.4
1990 1.6 7.3 11.2 12.3 18.2 20.6 21.9 22.5 16.1 13.8 8.5 2.2 13.0
1991 1.9 -0.2 9.2 11.0 13.6 21.1 22.6 21.2 18.9 11.4 7.7 -1.1 11.4
1992 1.7 4.2 8.2 13.0 17.9 20.6 22.8 26.8 18.6 13.1 8.2 1.2 13.0
1993 1.5 -0.6 5.0 12.7 20.0 21.7 22.6 23.4 18.1 14.5 3.0 4.7 12.2
1994 4.3 3.5 10.4 12.8 18.5 21.0 24.4 24.1 21.7 11.2 7.5 3.4 13.6
1995 0.6 7.9 7.1 12.6 16.8 20.5 24.8 21.6 16.6 13.4 4.3 2.2 12.4
1996 -0.2 -0.6 2.6 12.6 19.3 21.9 22.0 22.1 14.1 12.7 10.0 1.7 11.5
1997 0.3 5.4 6.7 8.2 18.6 21.9 21.1 20.8 17.1 9.8 7.8 4.1 11.8
1998 4.6 7.0 5.4 14.4 16.8 22.8 23.7 23.5 16.8 13.7 4.9 -1.6 12.7
1999 1.9 2.5 9.2 13.4 17.5 20.3 21.9 22.7 19.6 12.4 5.2 2.6 12.4
2000 -1.0 5.2 8.1 16.2 19.6 23.0 23.5 25.7 17.9 14.6 11.9 5.3 14.2
2001 4.2 5.4 11.8 12.0 18.3 19.0 23.0 24.0 16.1 14.8 4.7 -1.9 12.6
2002 1.2 8.5 10.3 12.1 20.1 22.9 24.3 22.2 17.4 13.2 10.6 1.3 13.7
2003 0.3 -2.1 7.1 12.1 21.5 25.0 23.1 25.6 17.8 10.8 9.2 2.8 12.8
2004 -0.3 3.6 7.7 13.1 16.0 20.6 23.1 22.0 17.2 15.1 7.6 3.7 12.5
2005 1.7 -1.3 5.8 12.7 17.7 20.3 22.6 20.6 18.4 12.8 6.7 3.4 11.8
2006 -0.5 1.9 6.5 13.7 17.4 20.2 24.7 20.9 19.2 15.2 8.9 4.3 12.7
2007 7.6 7.2 10.2 14.9 19.5 23.8 25.8 24.2 16.2 11.8 5.2 1.1 14.0
2008 3.2 6.3 9.1 13.8 19.3 23.0 23.7 24.0 17.0 14.8 9.1 4.6 14.0
2009 -0.2 2.9 7.9 15.8 19.9 21.0 24.1 24.1 20.6 13.1 9.9 4.7 13.7
2010 0.6 3.7 8.2 13.5 18.1 21.3 24.4 24.1 17.8 10.6 12.2 2.5 13.1
Aver. 1.4 3.3 7.6 13.1 18.1 21.1 23.2 23.0 17.9 12.8 7.3 2.6 12.6164 TATJANA CIRKOVIC-MITROVIC ET AL.
The average annual air temperature over the ob-
served period is 12.6°C, and the average air tempera-
ture during the growing season is 19.4°C. In the hot-
test month of the year, July, the average air tempera-
ture is 23.2°C, while in the coldest month of the year, 
January, it is 1.4°C. The average annual temperature 
in the observed period ranges from 11.2°C (in 1985) 
to 14°C (in 2007 and 2008).
Precipitation regime over the period 1985-2010
The data on the pluviometric regime are presented in 
Table 2. The annual quantity of precipitation in the 
Belgrade area over the observed period was 694.5 
mm of rainfall, ranging from 367.7 mm in 2000 to 
1,051.2  mm  in  1999.  During  the  growing  season 
(April-September), the average quantity of precipita-
tion was 395.9 mm, which accounts for 53.0% of the 
total annual precipitation. The lowest percent of pre-
cipitation during the vegetation period, in compari-
son with the annual quantity, 39.8%, was reported in 
2009, and the highest percent, 72.9%, was reported 
in  2001.  The  month  with  the  greatest  number  of 
rainy days was June, with 102.7 mm of rainfall, and 
Table 2. – Monthly and annual sums of precipitation in Belgrade area (mm) over the period 1985-2010
Year I II III IV V VI VII VIII IX X XI XII Aver.
1985 53.9 46.7 41.5 65.7 40.8 126.0 15.4 168.1 12.7 13.6 80.9 22.0 687.3
1986 73.1 62.6 49.4 72.0 126.6 90.4 72.5 10.2 3.2 39.9 6.8 20.8 627.5
1987 106.8 3.1 72.0 59.2 169.0 113.4 67.4 43.1 10.6 18.0 100.5 60.0 823.1
1988 41.3 50.9 94.4 45.7 19.1 73.6 15.7 25.7 73.2 25.8 30.5 34.1 530.0
1989 4.6 9.5 37.4 93.7 74.2 141.7 12.7 67.2 52.9 48.6 71.6 22.4 636.5
1990 5.0 41.1 15.2 56.1 20.6 89.2 36.9 16.5 32.4 53.0 35.4 90.5 491.9
1991 20.2 11.2 83.7 51.3 94.9 86.3 143.4 32.8 25.8 84.2 62.7 31.7 728.2
1992 7.6 33.8 6.9 58.8 19.4 180.0 43.8 24.3 28.2 90.5 61.7 34.8 589.8
1993 21.9 31.8 77.1 26.7 12.8 50.4 56.9 24.5 51.5 18.8 77.8 88.9 539.1
1994 40.4 23.0 27.7 64.6 41.4 212.2 46.1 90.5 29.5 37.9 25.9 34.4 673.6
1995 82.2 45.9 43.9 61.0 83.6 64.7 33.7 69.2 92.6 0.3 57.0 67.1 701.2
1996 42.6 62.2 41.2 52.3 108.0 57.1 35.5 66.6 107.7 37.1 77.4 100.8 788.5
1997 31.7 49.2 11.4 88.1 51.6 31.7 126.1 108.4 30.4 106.7 30.8 80.6 746.7
1998 70.6 2.3 19.3 30.7 55.2 63.4 32.2 45.4 92.6 89.6 52.2 31.0 584.5
1999 51.1 63.3 16.9 73.2 60.9 142.4 262.5 12.9 85.4 56.2 73.2 153.2 1,051.2
2000 27.3 28.3 30.3 41.9 34.5 19.1 29.3 7.8 70.7 16.6 20.7 41.2 367.7
2001 35.3 27.2 65.6 157.9 47.0 186.0 19.7 56.7 183.7 16.7 63.4 33.9 893.1
2002 15.1 14.0 14.8 53.7 20.9 79.6 60.7 106.8 51.9 88.3 35.8 52.8 594.4
2003 62.9 26.5 11.4 23.1 39.5 33.4 111.8 6.4 57.6 115.2 23.4 36.7 547.9
2004 93.5 29.4 18.9 71.7 63.3 113.8 94.6 89.3 45.0 32.9 129.5 50.3 832.2
2005 52.2 84.2 33.9 54.7 47.4 95.1 91.4 144.3 54.1 28.6 23.5 78.8 788.2
2006 43.2 59.1 104.4 97.0 42.3 137.8 23.3 120.6 24.3 20.9 24.5 51.9 749.3
2007 49.3 56.0 99.6 3.8 79.0 107.6 17.5 72.5 84.1 103.6 131.5 34.5 839.0
2008 44.6 8.3 79.7 34.9 60.6 43.3 53.0 45.6 68.5 18.4 51.0 79.0 586.9
2009 55.1 85.2 64.9 6.1 34.7 151.0 80.0 44.5 3.9 98.9 59.5 120.6 804.4
2010 91.6 112.8 47.2 43.7 86.4 181.7 41.4 53.5 51.8 48.8 45.2 61.4 865.5
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the month with the lowest number of rainy days was 
February, with 41.4 mm of rainfall.
Hydrological balance determined by using  
Thornthwaite’s method
The climate (hydrological) index according to Thorn-
thwaite’s method is one of the most comprehensive 
climate summaries of some forest areas. It is one of 
the indirect calculation methods for determination 
of hydrological balance and climate type. This meth-
od is frequently applied in forestry science studies 
since it gives the greatest number of data on plant 
life, such as the quantity of spare water in the soil R 
(mm), during the season when there is an excess of it 
V (mm), and during the season when there is a lack 
of it M (mm). Thornthwaite introduced the term po-
tential evapotranspiration PE (Thornthwaite, 1948, 
Thornthwaite and Mather, 1955, Bunushevac, 1951). 
The  uncorrected  potential  evapotranspiration 
(PE) refers to the quantity of water which would 
evaporate from the soil under certain temperature 
conditions when it reaches the optimal humidity, i.e. 
100 mm of water up to 100 cm depth throughout a 
whole year, i.e. 100 l·m-2. It was 643 mm over the ob-
served period 1985-2010. Since evapotranspiration 
depends  on  not  only  on  the  energy-temperature 
characteristics, but on the latitude of a certain area 
Table 3. – Hydrological balance according to Thornthwaite (1985-2010).
T °C i (PE) PE P R SE M V
I 1.4 0.15 6 2 47 100 2 0 39
II 3.3 0.54 8 6 41 100 6 0 35
III 7.6 1.89 24 26 46 100 26 0 21
IV 13.1 4.28 51 57 57 100 57 0 0
V 18.1 7.03 80 106 59 53 106 0 0
VI 21.1 8.86 98 127 103 29 127 0 0
VII 23.2 10.24 112 152 62 0 91 61 0
VIII 23.0 10.06 111 138 60 0 60 78 0
IX 17.9 6.89 78 82 55 0 55 27 0
X 12.8 4.16 50 48 50 2 48 0 0
XI 7.3 1.78 23 18 56 40 18 0 0
XII 2.6 0.38 6 4 58 94 4 0 0
Year 12.6 56.26 766 695 600 166 95
V.P. 19.4 662 396 496 166 0
Humidity index =12.3709
Aridity index = 21.6728 
Climate index = -0.6328
DRY SUB-HUMID CLIMATE – (C1)
Graph  1  –  Climate  diagram  according  Thornthwaite  for  the 
weather station Belgrade, over the period 1985-2010.166 TATJANA CIRKOVIC-MITROVIC ET AL.
as well, the uncorrected potential evapotranspira-
tion is corrected, and thereby the second param-
eter, the corrected potential evapotranspiration PE, 
is determined. It was 766 mm in the Belgrade area. 
The actual evapotranspiration SE is the real quan-
tity of water that is released by transpiration from 
the soil or evaporates from the soil when it reaches 
optimal humidity. It depends on both the energy-
temperature conditions and the quantity of precipi-
tation P, and in this instance, it was 600 mm.
The humidity excess occured not only at the be-
ginning of the year, in January, February and March, 
but in December as well, and was equal to 95 mm 
(as it does not occur during the growing season, it is 
of lesser importance to the plant). The lack of water, 
Table 4. – Humidity index, aridity index, climate indices and climate types determined by using Thornthwaite’s method regarding   
Belgrade Weather Station, over the period 1985-2010.
Year Ih Ia Ic Climate type
1985 13.9538 20.305 1.77082 MOIST SUB-HUMID - (C2)
1986 10.7723 27.6714 -5.8305 DRY SUB-HUMID - (C1)
1987 39.5195 29.006 22.1158 MILD SUB-HUMID - (B1)
1988 11.5495 43.4066 -14.495 DRY SUB-HUMID - (C1)
1989 -10.035 15.999 -19.635 DRY SUB-HUMID - (C1)
1990 -3.1916 39.272 -26.755 SEMI-ARID - (D)
1991 15.2917 14.6765 6.48582 MOIST SUB-HUMID - (C2)
1992 1.69499 31.2252 -17.04 DRY SUB-HUMID - (C1)
1993 17.8861 51.3837 -12..944 DRY SUB-HUMID - (C1)
1994 -6.1117 18.1368 -16..994 DRY SUB-HUMID - (C1)
1995 19.1306 25.9874 3.5.3816 MOIST SUB-HUMID - (C2)
1996 29.1054 22.5503 15.5753 MOIST SUB-HUMID - (C2)
1997 20.2992 19.1768 8.79315 MOIST SUB-HUMID -  (C2)
1998 2.99849 36.1671 -18.702 DRY SUB-HUMID - (C1)
1999 40.2989 4.10019 37.8388 MILD SUB-HUMID - (B1)
2000 -13.966 55.8082 -47.451 ARID - (E)
2001 31.92 15.602 22.5588 MILD SUB-HUMID - (B1)
2002 -4.4991 27.7708 -21.162 SEMI-ARID - (D)
2003 7.08164 44.9177 -19.869 DRY SUB-HUMID - (C1)
2004 22.1962 12.6173 14.6258 MOIST SUB-HUMID - (C2)
2005 16.6556 10.1646 10.5569 MOIST SUB-HUMID - (C2)
2006 19.9567 23.9458 5.5.8926 MOIST SUB-HUMID - (C2)
2007 26.2883 31.9313 7.12947 MOIST SUB-HUMID - (C2)
2008 7.4823 38.2958 -15.495 DRY SUB-HUMID - (C1)
2009 26.3405 35.3633 5.12256 MOIST SUB-HUMID - (C2)
2010 26.5201 17.9847 15.7293 MOIST SUB-HUMID - (C2)
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which was equal to 166 mm, occured in July, August 
and September, and had an adverse effect on plant 
increment (Table 3, Graph 1).
Climate index determined by using  
Thornthwaite’s method
The humidity index Ih, aridity index Ia and climate 
index  Ic  in  the  Belgrade  area,  as  well  as  climate 
types determined using Thornthwaite’s classification 
(Thornthwaite, 1948) in the Belgrade area in the ob-
served period are shown in Table 4. These data are 
important for comparative analysis with the trends 
of the current diameter increment of Austrian pine.
The average general climate index in Belgrade 
area  over  the  period  1985-2010  was  -0.6328,  and 
the climate type was dry sub-humid (C1). The aver-
age general index ranged from -47.451 (in 2000) to 
37.8388 (in 1999), i.e. the climate ranged from arid 
(E), to mild humid (B1).
The graphical representation of the climate in-
dex (Im) per year over the observed period (Graph 
2) points to the periodical variations of the dry and 
humid periods, with some greater or smaller oscil-
lations.
Diameter increment
The average current diameter increments of half-sib 
lines on Site I ranged from 1.052 mm in 2003 to 
2.283 mm in 1985, and the average annual current 
diameter increment was 1.571 mm. The lowest cur-
rent diameter increment of the half-sib lines from 
Site II was 1.075 mm (in 1993), the highest current 
diameter increment was 1.849 mm (in 2005), and 
the average current diameter increment regarding 
Graph 2. – Annual climate index in Belgrade area, over the pe-
riod 1985-2010.
Table 5. – Summary statistics.
Col_1 Average
Standard 
deviation
Coeff. of 
variation (%)
Minimum Maximum
id I 1.57123 0.337454 21.4771 1.05238 2.28286
id II 1.48201 0,21613 14.5835 1.07476 1.84905
id III 1.64135 0.459792 28.0131 0.857 2.271
Total 1.56486 0.353673 22.6009 0.857 2.28286
Table 6. – ANOVA Analysis of Variance.
Source Sum of Squares Df Mean Square F-Ratio P-Value
Between groups 0.331605 2 0.165802 1.34 0.2688
Within groups 9.29991 75 0.123999
Total (Corr.) 9.63151 77
Table 7. – Method: 95.0 percent LSD.
Col_1 Mean Homogeneous Groups
id II 1.48201 X
id I 1.57123 X
id III 1.64135 X168 TATJANA CIRKOVIC-MITROVIC ET AL.
the observed period was 1.482 mm. On Site III the 
lowest current diameter increment was reported in 
1993 (0.857 mm), while the highest current diam-
eter increment was reported in 1999 (2.271 mm), 
and  the  average  current  diameter  increment  was 
1.641 mm (Table 5).
The variance analysis shows that there was no 
statistically significant difference among the current 
diameter increments of the trees from three sites (Ta-
bles 5, 6, 7). The average current annual diameter in-
crement of the stands from the three sites was 1.565 
mm, since the current annual diameter ranged from 
0.857 mm to 2.283 mm.
The development of diameter and current diam-
eter increment of the half-sib lines of Austrian pine 
from the three observed sites, as well as the average 
value of these parameters over the period 1985-2010, 
is presented in Graph 3.
Analysis of the trends of the average current di-
ameter increment of all half-sib lines per site and per 
year over the observed period showed not only the 
expected growth, but the significant oscillations in 
the years when the climate conditions were the most 
important site factor directly influencing the varia-
tions of the elements of growth.
The impact of climate elements on diameter  
increment
The correlation coefficients, presented in the Corre-
lation matrix (Table 8), show that there was a strong 
correlation between the trends of the current diam-
eter increment and climate parameters (annual sum 
of precipitation, sum of precipitation in the growing 
season, and climate index). 
Based on this, it can be concluded that the cli-
mate conditions were the significant site factor di-
rectly influencing the changes in the current diam-
eter increment.
The trends of the diameter increment, quantity 
of precipitation (annual and during the growing sea-
      A              B
Graph 3 – The development of diameter (a) and current diameter increment (b) of Austrian pine trees over the period 1985-2010.
Table 8. – Correlation matrix.
id aver. P Ic Pv
id aver.
0.5333 0.4710 0.5683
0.0050 0.0152 0.0025
P
0.5333 0.9545 0.8464
0.0050 0.0000 0.0000
Ic
0.4710 0.9545 0.7847
0.0152 0.0000 0.0000
Pv
0.5683 0.8464 0.7847
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son) and annual climate indices presented in Graph 
4, clearly show that the curve of the current diameter 
increment follows the trend of the annual sums of 
precipitation, precipitation during the growing sea-
son, and the climate index per year of the observed 
period.
The increase in the quantity of precipitation over 
a year, and particularly during the growing season, 
leads to an increase in the diameter increment, and 
vice versa.
Sufficient rainfall with good distribution during 
the year also has an excellent influence on the radial 
growth of Austrian pine (Pinus nigra Arn.). Based on 
results of this work, it is not recommended to intro-
duce this species to other habitats at a lower altitude, 
with higher average annual temperatures and lower 
annual rainfall because this will affect the quantity 
and quality of the woody biomass. Harmful non-bi-
ofactors will influence biofactors as well, which will 
negatively affect the condition not only of some trees, 
but also of the whole plantation. 
Similar conclusions were presented by other re-
searchers, such as Tokar and Krekulova (2005) in Slo-
vakia, Koprivica and Matovic (2004) in the Ibarska 
gorge in Serbia, Vukin and Isajev (2006) in the area 
of Jelova Gora in Serbia, in studies of Austrian pine 
(Pinus nigra Arn.); Zafirov (2005) in the area of Vito-
sha Mountain, Bulgaria, Kilgore and Telewski (2004) 
in Northern Michigan, North America, in research 
into the Scots pine (Pinus sylvestris L.); Wimmer and 
Grabner  (2000)  in  the  Eastern  Ore  mountains  in 
Germany, Kilgore and Telewski (2004) in Northern 
Michigan, North America, with Norway Spruce (Pi-
cea abies L.), etc.
CONCLUSION
All activities regarding the monitoring and study of 
climate change and its influence should be designed 
in order to provide long-term systematic, compre-
hensive and continuous monitoring and forecasting 
of the conditions of the local and regional climate. 
Based on the results of research into the impact of 
climate elements on the current diameter increment 
of Austrian pine trees from three artificially estab-
lished stands at three sites in the Belgrade area in 
Serbia, the following conclusions can be made:
-  there is a strong correlation between the trends 
of the current diameter increments and annual 
sums of precipitation, and between the sums of 
precipitation in the growing season and climate 
indices; the increase in the quantity of precipita-
tion over a year, particularly during the growing 
season, leads to an increase in the diameter incre-
ment, and vice versa;
-  climate conditions are an important site factor, 
which directly influenced the trend and changes 
in the current diameter increment;
-  the Austrian pine is a species which is to a great 
extent capable of reacting to increased humid-
ity, one of the most important site factors upon 
which the growth of the basic quantitative tree 
parameters directly depends.
The complexity of forest ecosystems and the nu-
merous ways in which society uses and misuses them, 
as well as the fact that the forest ecosystems in Serbia 
are endangered by different factors, requires the ap-
Graph 4. – The correlation between the current diameter incre-
ment and annual sum of precipitation and the quantity of pre-
cipitation during the growing season, and climate index.170 TATJANA CIRKOVIC-MITROVIC ET AL.
plication of a range of different protective measures 
(Bunushevac, 1951).
The  use  of  dendrochronological  techniques  to 
compare the impact of climate elements on the di-
ameter increment of Austrian pine (Pinus nigra Arn.) 
may elucidate ecological tolerances, or range limits, 
and consequently adaptability, in particular environ-
ments.
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